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A STUDY OF METABOLISM CHANGES IN YOUNG RATS 


B. W. McCasHLAND 


Department of Physiology and Pharmacology 
University of Nebraska, Lincoln 


INTRODUCTION 


It is widely recognized that as a general rule metabolism varies 
inversely with the size of the animal. This is especially true in com- 
paring the young with adults of the same species, the additional 
metabolism of young animals being due to the greater growth activity. 

Studies on rats (Benedict and MacLeod, 1929) have shown that 
metabolism is higher at 2 months of age than at 4 to 12 months. 
Davis and Hastings (1934), working with rats 2 to 4 months old, 
observed a decrease of 34% in oxygen consumption during the test 
period. An additional group of animals showed an almost negligible 
change in the rate of oxygen utilization from the time of weaning 
(1 month) to 2 months of age. Mitchell and Carman (1926) observed 
decreases of as much as 36% in metabolism in rats from age 39 days 
to 176 days. These results all indicate the presence of some change 
in physiological activity during the period of rapid growth of the 
animal. 

No reports have been found regarding oxygen consumption during 
the period of nursing and weaning, although Murphy and Dunn 
(1948) report a slight decrease in the rate of growth early in the 
weaning period. Since growth and development are exceedingly rapid 
during this period of life in the rat, the following studies were con- 
ducted to determine something of the changes in metabolism during 
the late nursing and early weaning periods, and in an attempt to 
offer a possible explanation for these changes. 


MATERIALS AND METHODS 


Animals used for the tests were young 10 to 29 day old white rats 
of the Wistar strain. They were kept with the mother rats in wire 
cages and at room temperature of 25+1°C. Food was kept in the 
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cages at all times so that the animals would have the normal diet 
available during the weaning period. In no case were animals fasted 
before any tests, but rather the metabolism occurring with the existing 
diet was considered as normal. Animals were removed from the cage 
only immediately before a test. 

The apparatus used to determine oxygen consumption is shown in 
Figure 1. Animals were placed in the glass jar and the top fixed in 
position. Carbon dioxide was absorbed by means of a 10% KOH 
solution on a piece of cotton, which was supported by a screen in the 
open-bottomed test tube. Care was taken to prevent any of the fluid 
from dropping on the rat. One or 2 minutes were allowed for tem- 
perature equilibration. The temperature was constant during the test 
at 26+1°C. After temperature equilibration, 5.0 ml. of air were 








FIGURE 1 
Apparatus employed in oxygen utilization determination. 
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forced into the system, and the change in level of liquid in the 
manometer was noted. From observation of movement of liquid past 
calibrations, the rate of utilization of 1.0 ml. portions of oxygen was 
determined. Results of a test were considered accurate only if a 
constant rate of oxygen consumption was observed. After correcting 
for barometric pressure and temperature, oxygen consumption was 
calculated on a weight basis. If the animal moved about in the jar, 
the alkali-moistened cotton was replaced and the test was repeated. 
For determining the respiratory quotient a similar apparatus was 
employed (Figure 2), except that an 18 N KOH solution was injected 
into a test tube with side openings to allow expired carbon dioxide 
to pass into the KOH solution. At the same time, air was forced into 
the system to observe oxygen consumption. After a test, an aliquot 
portion of the alkali solution was quickly removed and injected into 





’ FIGURE 2 
Apparatus’ wsed to. detefmine respiratory quotient. 
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the second closed system, the test tube here containing an excess of 
20 N H.SO,. As carbon dioxide was released, the change in height 
of the column of liquid in the manometer was noted. After correcting 
for temperature and barometric pressure, differences in volume of 
the systems, and carbon dioxide liberated in a blank test, one could 
determine the amount of carbon dioxide produced and calculate the 
respiratory quotient. 
RESULTS 


Animals to be used for determination of oxygen consumption were 
selected in two ways. In the first method of selection, tests were 
conducted in which the same animals were used in three consecutive 
tests at weekly intervals, so that changes in metabolism could be 
noted during a period of approximately 2 to 4 weeks of age. A criti- 
cism of this technique might be the possibility of a partial adaptation 
by the animals to the conditions of the test. Therefore, a second 
method was used in which animals of varying ages were selected at 
random and used only once. Results were the same in both cases, 
showing that adaptation did not occur. The difference in rate of 
oxygen utilization by males and females was too slight to be significant. 

In Table I, results are presented for both sexes, the findings for 
series tests and random selections of animals being recorded together. 
From the data, it is apparent that, on a weight basis, oxygen con- 
sumption decreased by 57% during the period from 13 to 29 days 
of age. 

This presents the problem as to whether or not the decrease in 
metabolism could be a natural occurrence due to change in diet dur- 
ing the weaning period. It is possible that the diet of the nursling 
rats might be richer in some required materials than the food of the 
weaning or adult animals. In order to test for this possibility, litters 
of different ages were selected and oxygen consumption determined 
for all individuals. Younger rats were then placed with the mother 
of older animals and vice versa. After an additional period, oxygen 
uptake was again measured. Results of four such tests are shown 
in Table II. Animals in litters A and B were reversed, as described 
above. The same was true for litters C and D. Differences noted 
from the normal rate of change in metabolism are very slight. In 
litter C there is some evidence that if the animals are too young, they 
may fail to receive adequate nutrition as a result of the exchange. 
In this case, 5 of the young died. However, the decrease in the 
amount of oxygen used by the survivors was not excessive. 
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6 METABOLISM CHANGES IN YOUNG RATS 


TABLE II 
Tue EFFect OF CHANGES IN TyPE OF Basic DIET UPON OxYGEN CONSUMPTION IN 
Younc Waite Rats (WIsTAR). 








Litter No. Animals Age in Days Av. Wt.* Av. 0:7 
A 10 16 24.2 1.46 
10 23 31.9 1.10 
( 
B 10 25 32.9 0.75 
10 27 36.9 0.84 
c 9 10 11.9 1.85 
4 16 20.5 0.92 ' 
D 8 15 22.6 1.06 
8 21 30.2 0.84 | 





*=Weight in grams; *t=liter/kilogram/hour. 


Studies of the respiratory quotient were made to determine if the 
rapid rate of decrease in metabolism might be due to a change in the 
basic type of material being utilized by the animal. Tests were made 
on animals selected at random and at varying ages. Results in 
Table III show that, on the average, the respiratory quotient may be 
slightly higher than unity (1.07) but does not vary significantly in 











TABLE III 
RESPIRATORY QUOTIENT IN YOUNG WHITE Rats (WISTAR). 
Age in Days Wt. Grams Sex R.Q. 
16 21 F 0.97 
23 M 1.11 
17 37 F 1.06 
38 M 1.12 
20 38 F 1.04 
36 F 1.10 
39 F 1.22 
21 28 F 0.97 
30 M 1.23 
28 F 1.30 
27 35 M 0.98 
29 F 1.01 
28 58 M 0.89 
58 F 0.98 1 
29 53 i 0.97 1 
63 M 1.00 1 
54 F 1.27 
] 


Total Average 1.07 
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any particular age group, nor is there any sex difference. From the 
average value, one may assume that metabolism is mainly concerned 
with the utilization of carbohydrate material. 

With the above data it is possible to calculate metabolism in terms 
of calories per unit of surface area. It may be assumed that 5.0 kilo- 
calories are furnished for each liter of oxygen required in carbo- 
hydrate metabolism. Surface area was calculated by the use of the 
formula S=KW?”, in which S represents the surface area in square 
cm., W the weight in gm., and K, the Meeh constant, being equal to 
11.36 as determined by Carman and Mitchell (1926). Results of the 
calculations are presented with other data in Table I, and the curve 
of growth and change in rate of oxygen uptake are shown in Figure 3. 
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Chart to show the decrease in rate of metabolism in young white rats (Wistar). 
@—Weight, @—Surface, O—Oxygen consumption per unit weight, O—Oxygen 
consumption per unit surface area. 


DISCUSSION 


From the works of Benedict and MacLeod (1929), Davis and 
Hastings (1934), and Mitchell and Carman (1926) it is apparent 
that metabolism decreases in older rats. There is strong evidence 
that the rate of decrease is much more rapid from age 2 to 4 months 
than in ages 4 to about 6 months. Results presented in this paper 
indicate that there is a rate of decrease in metabolism of progressively 
lesser magnitude as the animals mature. In this work, the decline in 
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metabolic rate in rats during the period of approximately 2 to 4 weeks 
of age is about half again that noted from 2 to 6 months by the 
other investigators. There is no conclusive evidence that a sex varia- 
tion exists. 

Evidence indicates that changes in diet and in body surface may 
account for this rapid decline to only a very slight extent. The fact 
that oxygen utilization decreases at a more rapid rate when calculated 
on a weight than on a surface basis may be explained in that surface 
increases at a slower rate. 

Examination of Figure 3 indicates a definite change in metabolism 
during the period of natural weaning. The decreased rate of growth 
reported by Murphy and Dunn (1948) was also observed in this work. 
Associated with a slowing of growth metabolism, is an initial increase 
followed by a decrease in rate of oxygen consumption. This latter 
decrease might be associated with adaptation to a new diet. This is 
the only indication that diet is in any way an influencing factor in 
causing the decrease in metabolism. It is not meant that the growth 
curve during the last two days is representative of the growth of a 
single rat. In random selections it is possible that heavier animals 
were chosen. However, it is important to note that at this point growth 
is not associated with great decreases in oxygen uptake. By this time 
any dietary adjustment has been accomplished. 

Studies in which younger and older litters were reversed in respect 
to the mother rats show that the curve of decline in metabolism did 
not change greatly in character, except in extreme cases when the 
animals are still dependent entirely upon a maternal diet (10 days). 
However, if animals are only partially dependent upon the mother 
for nutrition, they may have their diet changed without any notice- 
able effect. From this, it appears that the maternal diet is more 
essential for the maintenance of life in the young animals than for 
the specific type or rate of metabolism. If the rats have gained a 
sufficient degree of development and strength, premature weaning 
has no effect. 

Studies on the respiratory quotient indicate a type of metabolism 
which is mainly concerned with carbohydrate utilization in the younger 
(nursling) and older (weaning) rats of this study. This is additional 
evidence that the change from maternal nourishment is not account- 
able for the greatest change in metabolic rate. 

In view of these points, it appears that the decrease in metabolic 
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rate is due, not to a decrease in weight/surface area ratio or change 
in the type of basic food utilized, but to a change in the basic rate 
of physiological activity in the young animal. 


The author wishes to thank Dr. D. M Pace, University of Nebraska, 


for his invaluable advice in preparation of the manuscript for publi- 
cation. 
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SUMMARY 


1. A method has been described for determination of the rate of 
oxygen utilization and the respiratory quotient in very young 
rats. 

2. It has been shown that the rate of oxygen consumption is re- 
duced by 50% (surface area basis) or 57% (weight basis) 
during that period between 13 and 29 days of age. 

3. The decrease in metabolism cannot be explained by change in 
diet alone. 

4. The respiratory quotient has been determined as 1.07 for rats 
between 13 and 29 days old. 

5. The decrease in metabolic rate has been attributed to a general 
decrease in physiological activity in tissues as the animals be- 
come older. 
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NUTRITION OF ANIMAL CELLS IN TISSUE CULTURE 
IV. INHIBITION OF CELL ACTIVITY BY COBALT AND 
THE PROTECTIVE ACTION OF 1-HISTIDINE’ 


JosEPpH F. Morcan, HELEN J. Morton AND RayMonp C. PARKER 


Connaught Medical Research Laboratories, University of Toronto, 
Toronto, Canada 


During the past 3 years, a series of studies has been made in this 
laboratory in an attempt to prepare a medium of chemically-known 
composition that will support the continuous multiplication of animal 
cells in tissue culture. These studies have resulted in the development 
of synthetic Mixture No. 199 (Morgan, Morton and Parker, 1950) 
that supports cell life for approximately 5 weeks. In the course of 
this work, it was observed that the addition of small amounts of either 
ferrous or ferric iron to the mixture prolonged somewhat the survival 
time of the cultures. It was decided, therefore, to investigate the 
effect of other trace metals upon the activity of tissues cultivated in 
the synthetic mixture and in a medium containing naturally-occurring 
ingredients. Cobalt was selected as the first trace metal to be studied. 
The recent identification of cobalt as a constituent of the Vitamin B,, 
molecule (Rickes et al., 1948; Smith, 1948), the occurrence of cobalt- 
deficiency diseases in cattle (Underwood, 1940), and the use of radio- 
active isotopes of cobalt in metabolic studies (Copp and Greenberg, 
1941; Comar, 1948) have directed attention to the biological im- 
portance of this metal. When it was found, eventually, that cobalt 
had an inhibiting action on the cultures, it became of interest to deter- 
mine the effect of 1-histidine upon this inhibition, since this amino 
acid has been shown to form reversible complexes with cobalt (Burk, 
Hearon, Caroline and Schade, 1946). 


This investigation was supported, in part, by grants from the National Cancer Insti- 
tute of Canada and the Ontario Cancer Treatment and Research Foundation. 

Acknowledgments: The experiments were carried out with the technical assistance 
of Miss B. J. Barrett, Miss E. A. Burr, Miss O. E. Rockett and Mr. C. J. MacFayden. 
Cobalt assays on the media were made through the courtesy of Dr. R. G. Romans and 
Mrs. M. Bond of the Connaught Medical Research Laboratories. 
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MATERIALS AND METHODS 


Synthetic Mixture No. 199, which has already been described 
(Morgan, Morton and Parker, 1950), consists of amino acids, vita- 
mins, purines, pyrimidines, ribose, desoxyribose, a source of fatty 
acid, certain intermediary metabolites and accessory growth factors, 
and a balanced salt mixture (Tyrode’s solution) that contains glucose. 

A stock solution of cobaltous chloride (reagent grade), containing 
1.0 mg. per cobalt per ml., was prepared in glass-distilled water, 
sterilized by passage through a UF fritted glass filter, and diluted to 
the desired levels in glass-distilled water shortly before use. 1-Histi- 
dine monohydrochloride monohydrate (Eastman Kodak) was dis- 
solved in glass-distilled water to form a stock solution containing 
1.0 mg. histidine per ml. This solution was sterilized by passage 
through a UF fritted glass filter, and further dilutions were made as 
required in glass-distilled water. 

All other ingredients of the culture media, and the assay procedures 
that were used, have been described previously (Morgan, Morton 
and Parker, 1950; Morton, Morgan and Parker, 1950; Parker, Mor- 
gan and Morton, 1950). 


EXPERIMENTS AND RESULTS 


Effect of cobalt on strain cultures of fibroblast-like spindle cells in 
D-3.5 flasks in a plasma medium. To study the effect of cobalt on 
tissue cells cultivated in a medium containing naturally-occurring 
ingredients, strains of fibroblast-like spindle cells (hereafter referred 
to as fibroblasts) were derived from the leg muscle of 11-day-old chick 
embryos and were cultivated in D-3.5 Carrel flasks through 5 to 10 
passages (weeks) before use. The original coagulum, in which the 
cultures were embedded, consisted of 0.3 ml. of fowl plasma, 0.3 ml. 
of chick embryo tissue extract (Morgan and Parker, 1949), 0.3 ml. 
of balanced salt solution (Earle, 1943), and 0.1 ml. of 0.02% phenol 
red. On the second day, the original coagulum was reinforced 
(patched) by the addition of a second layer, identical with the first. 
On the third day, each flask received a feeding solution consisting of 
0.3 ml. of chick embryo extract, 0.6 ml. of balanced salt solution and 
0.1 ml. of phenol red. This mixture was renewed on the fifth day. 
Each of the cultures chosen for assay was cut into 4 fragments of 
approximately equal size and each fragment was embedded in a 
separate flask. Three of the flasks contained graded amounts of cobalt. 





=a use Eh SS 


‘— New OU 


J. F. MORGAN, HELEN J. MORTON, AND R. C. PARKER 13 


The fourth served as a control and was prepared without cobalt. 
Each experiment consisted of at least 3 sets of comparable cultures 
containing the same ingredients. The cultures received 0.1 ml. of 
appropriate dilutions of cobalt. These were incorporated in the 
coagulum and in the fluid phase of the medium in place of 0.1 ml. of 
balanced salt solution. An equal volume of glass-distilled water was 
added to the control cultures. As a means of recording the results, 
outline drawings showing the increase in surface area of the cultures 
were made daily by means of a projectoscope. The increments were 
measured with a planimeter and expressed in terms of sq. cm. 
Cobalt, added to the medium of the flask cultures, was tested over 
the concentration range of 0.00001 to 10.0 ug. per ml. Preliminary 
experiments indicated that levels from 0.00001 to 0.01 ug. per ml. 
had no effect upon the cultures, whereas concentrations of 0.1 to 
1.0 ug were inhibiting. The highest concentration tested (10.0 ug. 
per ml.) caused a heavy precipitate and prevented coagulation of the 
medium. The concentration range of 0.1 to 2.0 ug. cobalt per ml. was 
selected for further study. The effect of gradel levels of cobalt on 
the area of outgrowth of representative cultures is shown in Fig. 1. 


FIGURE 1 
Seven-day sister cultures of 14th passage chick fibroblasts cultivated in plasma and 
chick embryo extract. (A) Control culture without added cobalt. (B) 0.5 ug. cobalt 
per ml. (C) 0.2 ug. cobalt per ml. (D) 0.1 wg. cobalt per ml. X2. 





In repeated experiments, it was observed that the area of outgrowth 
of fibroblast cultures decreased progressively as the cobalt concen- 
tration was increased. In the presence of 0.1 ug. cobalt the cultures 
attained areas measuring approximately 90% of that of sister control 
cultures, whereas in 2.0 ug. cobalt the culture areas totalled less than 
10% of the controls. The relationship of the concentration of cobalt 
to the percentage inhibition of the area of outgrowth is indicated in 
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FIGURE 2 
Per cent inhibition of area of outgrowth of 15th passage chick fibroblast cultures, 
after 7 days, plotted against cobalt concentration. Each point represents the average 
of 6 determinations. A logarithmic curve has been fitted to the data. 


Fig. 2, in which a logarithmic curve has been fitted to show the 
relationship existing between cobalt concentration and per cent inhi- 
bition. In Fig. 3, the effect of graded levels of cobalt upon the daily 
increments in growth attained by representative cultures is shown 
over a 7-day period. With a low concentration of cobalt (0.2 ug. 
per ml.), the culture area increased in a normal manner until the 
second day, after which time the increase was more gradual than in 
the control culture. At higher levels (0.5 and 1.0 wg per ml.), the 
inhibition was evident from the first day and became more pronounced 
after the third day. 

Cultures exposed to cobalt levels of 0.1 to 2.0 wg. per ml. for 7 days 
were removed from their flasks, trimmed and re-cultivated for 7 days 
in fresh flasks without cobalt. It was found that these cultures devel- 
oped normally and attained areas approximately equal to those of 
their controls (Fig. 4). It would appear, then, that moderate amounts 
of cobalt inhibit cell activity but do not cause permanent damage. 

Effect of cobalt on roller-tube cultures of chick embryo mesenchyme 
‘issues maintained in synthetic Mixture 199. To study the effect of 
cobalt on tissues maintained in a synthetic medium, roller-tube cul- 
tures were prepared from the leg muscle of 11-day-old chick embryos, 


blas 


Sev 
cultiv 
per rn 
Cultu 
cobalt 





—e FF we 


we 


eo Vo 


J. F. MORGAN, HELEN J. MORTON, AND R. C. PARKER 15 


60 Control 
COBALT wee 


. (3 per ml) 





o-2 


4o} 


o-5 
20Fr eee 


AREA OF CULTURES 














ee 2-0 
=e 
fe} A. i iL i i. iL iL 
° 1 2 3 4 5 6 7 
TIME IN DAYS 
FIGURE 3 


Areas of outgrowth attained by representative cultures of 14th passage chick fibro- 
blasts exposed to various concentrations of cobalt. Areas plotted over a 7-day period. 





FIGURE 4 
Seven-day cultures of 10th (A and B) and 11th (C and D) passage chick fibroblasts 
cultivated in plasma and chick embryo extract. Culture A exposed to 2.0: ug. cobalt 
per ml. for 7 days, then re-cultivated in fresh medium without added cobalt (C). 
Culture B exposed to 1.0 ug. cobalt per ml., then re-cultivated in the absence of 
cobalt (D). X2. 
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and the tissues were cultivated directly on the surface of the glass. 
The preparation of these cultures, and their treatment with a pre- 
liminary feeding mixture containing horse serum and chick embryo 
extract, have already been described (Morgan, Morton and Parker, 
1950). After an initial period of 3 days, the preliminary feeding 
mixture was replaced by synthetic Mixture 199 containing cobalt at 
final concentrations ranging from 0.001 to 10.0 ug. per ml. (Table 1). 
The cobalt was added to the mixture in place of equal volumes of 
glass-distilled water. Each mixture was withdrawn and replaced by 
a fresh sample 3 times a week. The cultures were examined frequently 
under the microscope and were maintained in the synthetic mixtures 
until living cells were no longer apparent. The average period of 
survival of the cultures comprising a particular group gave a rough 
indication of their activity under these conditions. 

No effect on the average survival time of the cultures was observed, 
even at cobalt levels (0.1 to 1.0 ug. per ml.) that inhibited, almost 
completely, the outgrowth of fibroblast cultures maintained in plasma 
and chick embryo extract. At 10.0 ug, however, the survival time of 
the cultures was shortened considerably. In general, cultures exposed 
to cobalt appeared more granular than comparable control cultures 
and the outlines of the individual cells were rather indistinct. Conse- 
quently, the time of death of these cultures was difficult to establish 
precisely and the average periods of survival shown in Table | are, 
therefore, somewhat irregular. 

TABLE 1 
EFFECT OF VARIOUS CONCENTRATIONS OF COBALT ON THE SURVIVAL TIME OF ROLLER-TUBE 


CULTURES OF CHICK EMBRYO MESENCHYME TISSUE MAINTAINED IN 
SYNTHETIC MIXTURE 199. 


Cobalt added Survival time 
(ug. per ml.) (days) * 
oF 33.0 
0.001 30.0 
0.01 38.6 
0.1 34.7 
1.0 30.7 
10.0 12.6 


*Each figure represents the average period of survival of at least 6 cultures. 
*+Mixture 199. Repeated assays showed the presence of <0.05 mug. cobalt per ml. 





Effect of synthetic Mixture 199 and of an amino-acid solution on 
fibroblast cultures in a plasma medium containing 1.0 ug. cobalt per ml. 
The effect of synthetic Mixture 199:and of its constituent amino acids 


“—_ 


~ =m Ww 


on 
nl. 
ds 





J. F. MORGAN, HELEN J. MORTON, AND R. C. PARKER iz 


was studied on strain cultures of fibroblasts cultivated in a plasma 
medium containing a final concentration of 1.0 ug. cobalt per ml. To 
the plasma coagulum and to the fluid phase of the medium were added 
0.1 and 0.2 ml. of Mixture 199 in place of equal volumes of balanced 
salt solution. It was found that these small amounts of Mixture 199 
partially overcame the inhibiting effect of 1.0 ug. cobalt per ml. 
Similar experiments, in which the amino-acid basal solution used as 
an integral part of Mixture 199 (Morgan, Morton and Parker, 1950) 
was added to cultures exposed to 1.0 ug. of cobalt per ml., showed 
that this solution also protected the cells, at least in part, from the 
inhibiting effects of cobalt. Cultures treated with these mixtures, in 
addition to cobalt, attained a much larger growth area than did cul- 
tures containing cobalt alone, but the final areas attained were still 
considerably smaller than those of control cultures without cobalt. 
It was concluded, therefore, that certain ingredients present in Mix- 
ture 199, and present also in the amino-acid mixture that was tested, 
exert a protective action against the inhibiting effect of cobalt on 
tissue cells. 

Effect of graded levels of l-histidine on the inhibiting action of 
cobalt in strain cultures of fibroblasts in a plasma medium. Histidine 
has been shown to form reversible complexes with cobalt (Burk, 
Hearon, Caroline and Schade, 1946) and to protect tumor respiration 
against cobalt inhibition (Hearon, Schade, Levy and Burk, 1947). 
This amino acid was selected, therefore, as the first component of 
Mixture 199 to be studied as a possible protective agent in the growth 
of tissues exposed to cobalt. Strains of fibroblasts were cultivated 
in D-3.5 flasks in a plasma medium containing 1.0 ug. cobalt per ml. 
and to these cultures graded levels of I-histidine were added. Both 
the histidine and the cobalt were incorporated in the original coagu- 
lum, in the additional plasma layer, and in the fluid phase of the 
medium. Each experiment consisted of 4 fragments of approximately 
equal size that were cut from a single culture and embedded in sepa- 
rate flasks. The first flask in each set served as a control and con- 
tained only the basic medium. The second flask contained 1.0 ug. 
cobalt, the third contained the level of histidine to be tested, and the 
fourth contained both cobalt and histidine. All experiments were car- 
ried out in triplicate. The results are shown in Table 2 and Fig. 5. 
It is apparent that the addition of increasing amounts of histidine 
results in a progressive decrease in the extent of the inhibition. The 
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TABLE 2 
EFFECT OF GRADED LEVELS OF L-HISTIDINE ON THE INHIBITING ACTION OF COBALT 
(1.0 wg. per ml.) On FrprosBLasts CULTIVATED FOR 7 Days IN A PLASMA MEDIUM. 








1-Histidine Molar ratio Inhibition 
(ug. per ml.) histidine: cobalt (per cent) * 
0 79 
5 1.9:1 67 
10 3.8:1 60 
20 7.6:1 54 
30 11.4:1 39 
40 15.2:1 22 
50 18.9:1 16 
60 22.8:1 15 
70 26.6:1 +117 
75 28.5:1 +177 





*Each point represents the average of several (6 to 14) determinations, calculated as 
a percentage of the area of control cultures without cobalt or histidine. 
{These values represent culture areas larger than those of the controls. 





FIGURE 5 
Seven-day sister cultures of 5th passage chick fibroblasts cultivated in plasma and 
chick embryo extract. (A) Control. (B) Medium contained 1.0 ug. cobalt per ml. 
(C) Medium contained 75 ug. I-histidine per ml. (D) Medium contained 1.0 ug. 
cobalt and 75 ug. l-histidine per ml. X2. 


inhibition usually caused by 1.0 ug. of cobalt is completely absent 
in the presence of 70 ug. of histidine. At this and at higher levels of 
histidine the area of the cultures is greater than that of the controls. 
This stimulation of the area of outgrowth was also observed in control 
cultures containing histidine in the absence of cobalt (Fig. 5). 

Effect of cobalt on roller-tube cultures of chick embryo mesenchyme 
tissue maintained in synthetic Mixture 199 from which 1|-histidine 
was omitted. The observation that l-histidine prevented the toxic 
action of cobalt on strain cultures of fibroblasts propagated in a 
plasma medium made it of interest to study the effect of this metal 
on roller-tube cultures maintained in a synthetic medium from which 
l-histidine had been omitted. In these experiments, cobalt was tested 
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over the concentration range of 0.001 to 10.0 ug. per ml. No toxic 
effect on the cultures was noted except at the highest level tested 
(10.0 ug. per ml.). The appearance and survival of the cultures were 
very similar to that of cultures in Mixture 199 containing histidine 
(Table 1), and suggest that other ingredients of this mixture are 
able to modify the inhibiting action of cobalt. 


DIscuUSSION 


The results of the present experiments, which are based on approxi- 
mately 350 flask cultures and 150 roller-tube cultures, show that 
cobalt exerts a marked inhibition of the area of outgrowth of strain 
cultures of fibroblasts cultivated in a plasma medium. Earlier experi- 
ments (Verne and Sannié, 1933; Sannié and Verne, 1934), in which 
the chlorides of a large number of metals were tested on chick embryo 
heart fibroblasts in hanging-drop cultures, showed that cobalt was 
one of the more toxic metals. A concentration of N/1500 CoCl, 
(4.3 wg. per ml.) was found to be lethal. This level is slightly higher 
than the inhibiting range (0.1 to 2.0 ug. per ml.) observed in the 
present experiments with flask cultures. 

Ethyl alcohol, at concentrations below the non-toxic range, exerted 
a stimulating effect on tissues cultivated in vitro (Parker, Morgan 
and Morton, 1950). Such a stimulation was not found in the present 
experiments with levels of cobalt (0.00001 to 0.01 wg. per ml.) con- 
siderably below the inhibiting range. This failure to stimulate cannot 
be attributed entirely to the presence of small amounts of cobalt in 
the plasma and chick embryo extract of the medium. Repeated assays 
on this medium have established the cobalt level as less than 0.05 ug. 
per ml. 

Tissues exposed to inhibiting levels of cobalt (0.1 to 2.0 wg. per ml.) 
grew to a normal size when trimmed and recultivated in fresh medium 
to which cobalt was not added. These results are similar to those 
obtained with ethyl alcohol (Parker, Morgan and Morton, 1950). 
It would appear, then, that even though certain levels of cobalt pre- 
vent, almost completely, the outgrowth of new cells, this effect is not 
a permanent one. 

The formation of reversible complexes between cobalt, histidine 
and gaseous oxygen has been studied extensively (Burk, Hearon, 
Caroline and Schade, 1946) and it has been shown that histidine will 
prevent the inhibition of tumor respiration by cobalt (Hearon, Schade, 
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Levy and Burk, 1947). On the basis of these investigations, the 
formation of a cobaltodihistidine complex has been established and 
its configuration studied (Michaelis, 1947; Hearon, 1948). Schade 
(1949), working with Proteus vulgaris, has also shown that a molar 
ratio of histidine to cobalt of at least 2 to 1 is necessary to prevent 
the toxic action of cobalt on bacterial growth. In the present investi- 
gations, when histidine and cobalt are present in a molar ratio of 
2 to 1 there is but slight neutralizing effect on the inhibited cultures, 
and a ratio of approximately 25 to 1 is required to prevent the inhibi- 
tion completely. The reason for the necessity of such a large excess 
of histidine, i.e., above the two moles presumably needed for the 
formation of the cobaltodihistidine complex, has not yet been 
established. 

The addition of graded amounts of 1-histidine to tissues exposed to 
an inhibiting level of cobalt (1.0 ug. per ml.) resulted in an increasing 
degree of neutralization until, in the presence of a large excess of 
histidine, the toxicity was completely prevented. In experiments with 
Proteus vulgaris (Schade, 1949), such a stepwise reversal of the cobalt 
toxicity was not observed. The addition of increasing amounts of 
histidine did not prevent the inhibition until the molar ratio of 2 to 1 
was reached. At this point, bacterial growth was quantitatively 
normal, whereas at a slightly lower histidine level (1.68 to 1) no 
growth was obtained. The present observations emphasize that animal 
tissues and bacteria respond differently to cobalt and histidine. 

The observation that small amounts of cobalt (0.1 to 2.0 ug. per 
ml.) inhibited the activity of fibroblasts cultivated in a plasma 
coagulum made it essential to determine the effect of this metal on 
tissues cultivated in a synthetic medium. The results of the present 
study show that certain ingredients of synthetic Mixture 199, for 
example, |-histidine, are capable of preventing the development of 
toxic effects. Fischer, Astrup, Ehrensvard and Ohlenschlager (1948) 
added 0.01 wg per ml. of cobalt to their supplementary feeding mix- 
ture, V-605, without observing any inhibiting effects. This apparent 
lack of toxicity may possibly be attributed to the presence of histidine 
in their medium. On the basis of the present findings, it would appear, 
then, that contamination of the medium with small amounts of cobalt 
does not represent a potential toxicity problem in tissue-culture studies 
in which synthetic media are used, provided the media contain an 
appreciable amount of free histidine. 
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SUMMARY 


1. A study was made of the effect of various levels of cobalt on 
the activity and survival of chick embryo mesenchyme tissues culti- 
vated in Carrel flasks in a medium containing naturally-occurring 
ingredients and in roller tubes in synthetic Mixture 199. 

2. In flask cultures containing naturally-occurring media, levels 
of cobalt from 0.1 to 2.0 wg. per ml. inhibited the area of outgrowth. 
This inhibition was progressive with increasing concentrations of 
cobalt. 

3. In roller-tube cultures maintained in the synthetic mixture, no 
decrease in the survival time was observed with cobalt levels from 
0.001 to 1.0 wg. per ml. It is suggested that certain components of 
the mixture exerted a protective action against the inhibiting effect of 
cobalt. 

4. The addition of graded amounts of I-histidine to flask cultures 
inhibited by 1.0 ug. cobalt progressively decreased the extent of the 
inhibition. A molar ratio of approximately 25 of histidine to 1 of 
cobalt was required to prevent the inhibition. 

5. The period of survival of cultures maintained in synthetic Mix- 
ture 199 from which histidine was omitted was net decreased by 0.001 
to 1.0 ug. cobalt per ml. This implies that other ingredients of the 
medium may modify the action of cobalt. 
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“Tf it seem to thee that thou knowest many things and under- 
standeth them well enough, know that at the same time there are 
many more things of which thou art ignorant.” 


St. THomas A Kempis: ImITATIO CHRISTI 


INTRODUCTION 


Early analysis showed that Obelia colony populations (hydranth: 
gonangial) undergo progressive change in composition over the 
months from April into September (Hammett and Hammett, 1945). 
This indicated that rates of subtending growth and life-cycle activities 
also change on season, ard this was established (Hammett, 1950). 
The nature and bases of these changes will be the subject of this 
and succeeding papers. 

Concern here is with factors of progressive changes in rates of 
activities; not with factors of inter-activity differences in rates. These 
have been taken care of elsewhere (1950). As there shown, each 
activity has several expressions, each with its own rate. Immediate 
interest then is in how these change on season. 

Initiation is shift of cells from no-growth to growth. Its mark in 
this material is bud protection. Its measure (rate) is ratio between 
buds produced and opportunities therefor during a 24-hour time-slice 
in culture. It has 7 expressions: (1) hydranth buds from hydrocaulal 
anlagen; (2) Gonangial similarly; (3) hydranth buds from broken 
pedicels present at beginning of culture (IP: initially present); 
(4) from IP empty hydrothecae; (5) from empties derived during 
culture from IP seniles; (6) from empties derived during culture from 
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seniles from IP complete feeding hydranths; and (7) stolon buds 
from basal cut-ends of hydrocauli (Hammett, 1942; 1943; 1950). 

All expressions are exposed to the same season changes in environ- 
ment, which is to say: season change in exogenous factors is the same 
for all. Therefore the difference between expressions in course of rate 
change on season is grounded, not in exogenous, but in endogenous 
factors. 

THE Data 


Rate of each expression in each week (period) from April to 
September in each year is in Table 33 of the rate study (1950). 
Chartings showed each has a distinctive trend and rate which is com- 
mon to most years; so the data of each period of all years combined 
are used here. Plate 1. Taken from Table 35. 

Also charted is the 7-year average temperature over the same weeks, 
as derived from Table 13 of the population study (1945). This pro- 
vides visual comparison of rate course with that of temperature. 
Extent of correlation is also useful. The simplest index is the fre- 
quency with which direction of period-to-period change in rate is the 
same or different from that of temperature, in the 131 periods, 37 
months, and 7 years of hydranth record: the 112 periods, 32 months 
and 6 years of gonangial record. The procedure appears in earlier 
reports (Hammett, 1946a; 1950. Hammett and Hammett, 1945). 
Results are in Table 1. 

No adequate quantitative record of season change in other exoge- 
nous factors was maintained (viz., illumination, plankton, pH, 
salinity ). Nonetheless, their possible participation will be noted when 
pertinent. Variability has biological significance. Each expression of 
this variability by year and by month appears in Table 2 as 
(AD/M) 100. 

ANALYSIS AND COMMENT 


The overall trend is primary; deviations are secondary, and will 
not be noted unless useful. Three types of trend are evident. (1) Rate 
decreases sharply and then levels off as season advances. (2) Rate ex- 
hibits no progressive change. (3) Rate increases then decreases. 

Each composite epitomizes the trend in the years singly. (1) Initia- 
tion from anlagen follows the charted course in all years (AN). 
(2) Initiation from IP empties and brokens tend to increase in 2 of 
the 7 years; to decrease in 2; to no progressive change in 3 (EM:BR). 
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Stolon bud production increases in 1; decreases in 1; shows no pro- 
gressive change in 5 (ST). (3) Initiation from empties from IP 
seniles increases then decreases in 5 of 7 years (SN), that from 
empties from seniles from IP completes in all 7 (CO). The general 
is picture of the particular. 

The basic processes of initiation are the same for all expressions. 
Different trends: different accessory factors in dominance (Hammett, 
1936). Here they are: (1) Colony maturing. (2) Colony maintenance 
in status quo. (3) Culture effect. 

1. Rate decreases sharply then levels off. This is expressed only 
by bud production from hydrocaulal anlagen (AN). The function 
of this is population growth (hydranth: gonangial). 

Season change in rate presumes factoring by season change in 
exogenous factors, but none exhibits this type. Illumination and tem- 
perature increase then decrease as season advances. Plankton in- 
creases. PH and salinity decrease slightly, slowly and steadily 
(Hammett and Hammett, 1945). This course of rate change is not 
exogenously but endogenously determined. Colony maturing is the 
factor. 

Evidence of maturing is: Percentage of mature members of colony 
population increases; that of immature, decreases as season advances. 
The percentage of hydranth buds is negatively correlated with that 
of the completes (mature) throughout (Hammett and Hammett, 
1945). Negative correlation rules between the numbers of immature 
hydranths and the complete feeding animals (Hammett, 1946a). 
Colonies of early spring are young colonies. Those collected as season 
advances are progressively older and more populous. Maturing is 
common to ageing and growth. 

The evidence that this is here the factor is: The function of this 
initiation is population growth. Its rate decreases parallel with in- 
crease in colony maturing. Its low and levelling off coincides with 
approach of maturing to completion (late June). Such inverse rela- 
tion and equilibration is common to all growing maturing populations 
(Pearl, 1925; Brody, 1945). Maturing is the outward expression of 
inner chemical processes; of the slowing and equilibration thereof; 
of decrease in more labile, increase in less labile substance (Donaldson 
et al., 1924), the ineluctable result of the Principle of Increasing 
Entropy and the 2nd Law of Thermodynamics. Thus population 
growth is slowed and equilibrated by maturing. 
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Though the organism is not a closed system, it is nonetheless a self- 
directed, integrated, self-contained whole. Its substance is chemical; 
its activities, products of chemical reactions (Hammett, 1936; 1942; 
1946a, b; 1947; 1950). Interpretation of biological events in terms of 
physico-chemical laws is a must (von Bertalanffy, 1950). 

Other factors such as size limitation and increase in maintenance 
capacity may be mistakenly taken as primary (Blumenfeld, 1944). 
But increase in maintenance capacity is the product of maturing, 
since such determines the shift from growing to functioning, from 
growth activity predominance to maintenance activity predominance. 
Size limitation is accomplished by maturing, since growth increase in 
size is brought to slow-down, equilibration, and/or close thereby. 
Maturing is basic. It is noteworthy that gonangial rate course differs 
from that of the hydranth in the beginning. It starts low in 1st period 
(April); rises sharply in 2nd; reaches a peak in 3rd; does not fall 
away abruptly until 4th. On the other hand, the hydranth, in the 
same colonies, starts peak-high in 1st, and immediately enters its 
rapid decline (Plate 1, AN). The difference is reasonable and in- 
formative, although April data are available for only one and two 
years. Answers to four questions will edify. (i) Why is gonangial 
initiation low at beginning? (ii) Why does it increase? (iii) Why is 
its peak later than hydranth? (iv) Why does it shift from increase 
to decrease? 

(i) Hydranths stem mostly from upper, younger, highly growth- 
active, less differentiated reaches of the hydrocaulus, a state character- 
istic of the entire hydrocaulus in very young colonies. Gonangia stem 
only from lower, older, less growth-active, more differentiated regions. 
Gonangial anlagen formation requires a certain advanced state of 
hydrocaulal chemical specialization (differentiation ) which is not avail- 
able in the very young colonies of early spring. Gonangia usually arise 
at junction of hydranth pedicel with hydrocaulus. First the hydranth 
bud: then the pedicel: then the completed animal atop its pedicel: 
and then and only then the gonangium. This sequence and this 
juxtaposition indicates that hydranth pedicel production sets the 
hydrocaulal differentiation essential to gonangial anlagen production. 
The whole shows that gonangial initiation is low at the beginning 
because the colonies are very young in Ist period (April) and pro- 
duction must await hydranth. The exposition exemplifies the Paretan 
doctrine that every phenomenon is compounded of inter-related 
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elements: that breakdown of such into its components is basic to 
interpretation (1935). 

(ii) Gonangial initiation increases because conditions therefor are 
provided by peak-high hydranth production of Ist period. The fact 
that increase is greater in 2nd than 3rd period is sustaining evidence 
that hydranth production is greater in lst than 2nd. 

(iii) Thus peak gonangial rate is later than hydranth because 
gonangia production must await hydranth. 

(iv) Gonangia production shifts from increase to decrease because 
decrease in hydranth brings decrease in number of sites for anlagen 
formation: because ageing (maturing) brings hydrocaulal differen- 
tiation beyond the state optimal for gonangial initiation: and because 
of increasing entropy and the 2nd Law of Thermodynamics. 

Gonangial ontogeny, composition, rate of production, structure, and 
function differ from those of the hydranth. Yet the course of popu- 
lation growth is the same for both in overall; indeed, that of all 
populations is the same, despite genetic, chemical, physical, and ana- 
tomical differences. This implies that addition of the new is every- 
where subject to control by the whole, and that all population growth 
has in it the seeds of its own stagnation. 

On the human side, man’s growth in freedom is frustrated through 
control by the community-as-a-whole. The individual must conform 
or perish. And present day infiltration of socialistic and communistic 
ideas and activities which aim to submerge the individual under domi- 
nation by the state, is but an example of the principle on another level. 
While some, like the medusae, may escape and start anew, these in 
turn enter a new cycle which also ends in stagnation—a cycle which 
repeats itself again and again—with no real growth in freedom. "Twas 
ever thus, and probably ever will be. The basic laws of growth are 
everywhere applicable (Hammett, 1950); and man is the creature of 
his cells (Hammett, 1936; 1946a; 1950). 

2. Rate shows no decisive change on season. This is expressed 
only by bud production from IP empties (EM), brokens (BR), and 
basal cut-ends of hydrocauli (ST). The 1st replaces hydranths passed 
away in normal life-cycle progression; it is initiation of recurrent 
growth. The 2nd replaces those lost by injury; it is initiation of 
regeneration. The 3rd replaces stolons cut away when colonies were 
prepared for culture; it is initiation of vasculogenesis regeneration 
(Hammett, 1943). Absence of season-associated change in rate (or 
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likeness to that of temperature) shows the course is not set by 
exogenous, but by endogenous factors. Maturing is eliminated because 
the course is distinctively different from that of population growth, 
and no change like that of temperature, plankton, etc., is seen. Vital 
structures (hydranths: stolons) are restored. And though numbers 
of empties and brokens increase with population increase (as season 
advances), the percentages do not (1945). Thus hydranth replace- 
ment increases as hydranth loss increases, and the colony acts only 
to restore and maintain the population status attained by antecedent 
growth. Close to 93 per cent of amputated stolons are regained. 

Restoration in culture is incomplete (in overall it is circa 58 per cent 
from empties, 29 from brokens) because of short period of record 
(24 hours); culture conditions; and in case of brokens, because some 
are repaired by non-growth-active scar tissue, instead of reconstituted 
for regeneration (1950). This is immaterial to interpretation, for 
replacement tends to parallel loss, and colony integrity is maintained 
in nature up to time of overwhelming by protistic invasion, autumn 
storms, or winter cold (Hammett and Hammett, 1945). 

Rate, structural origin, particulate function, and accessory factors, 
differ in the three expressions, yet all pursue the same course in 
essence; and all have the same function in respect to colony-as-a- 
whole. Thus activity of the part is subordinate to that of the whole, 
and the data are quantitative exposition that the organism is more 
than the sum of its parts. 

3. Rate increases then decreases as season advances. This is ex- 
pressed only by bud production from empties derived during culture 
(from IP seniles, SN, 2nd; from seniles from IP completes, CO 3rd). 

The course is like that of temperature (T°). Period-to-period 
changes in rate are positively correlated with those in temperature 
(Table 1). The course is conditioned by season change in tempera- 
ture. The function of this initiation is maintenance of colony popu- 
lation status quo, through replacement of hydranths passed away in 
normal termination of life-cycle progression. which is supposedly inde- 
pendent of exogenous factors (2). The question is: Why is tempera- 
ture here effective? There are three inter-related reasons: delay in 
appearance of activity in culture, plus culture conditions, plus the 
endogenous base peculiar to empties. 

Initiation from IP empties is lst order expression because it has 
no in-culture antecedent activity. Initiation from empties from IP 
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seniles is 2nd because it is second in order of appearance in culture, 
being preceded by catabolism of IP seniles to empties. Initiation from 
empties from seniles from IP completes is 3rd because it is preceded 
by regression of completes to seniles and catabolism of seniles to 
empties. Time is required for each activity to be expressed, so when 
a given activity is preceded by another in culture its appearance 
therein is delayed. 1st order expressions appear earliest: 2nd later: 
3rd _ still later; and so on (1950 report). 

Rates are altered by culture conditions, which shows that the 
endogenous control is disturbed. The longer the colonies are exposed 
to culture the greater the alteration, and the greater the breaching of 
endogenous control by the cumulative weakening of the colonies. In 
other words, the longer the exposure before expression of a given 
activity, the greater its susceptibility to exogenous factoring (1950 
report). 

Plate 1 shows that 3rd order initiation follows temperature more 
closely than does the 2nd. Both concordances are decisive, while that of 
lst order from same endogenous base (EM) is but shadowed. Table 1 
shows that positive correlation of period-to-period changes in rate 
with those in temperature is more frequent in 3rd than 2nd order 
expressions, while no such trend is shown in Ist. The later the appear- 
ance in culture the greater the conditioning by temperature. Thus 
delay in appearance plus culture conditions are reasons why the course 
of 2nd and 3rd order initiation on season is temperature directed. 

lst, 2nd, and 3rd order initiation have same particulate function 
(replacement of hydranths passed away in normal termination of 
life-cycle progression): same source (terminal annulation of pedicel) : 
same accessory factors (recurrent growth), or the same endogenous 
base, which is peculiar to empties and different from that of any other 
expression (1943 report). 

There is hint of mid-season rise and subsequent decline in 1st order 
rate similar to that decisively exhibited in 2nd, 3rd, and temperature 
(Plate 1). Its period-to-period changes in rate tend to be less nega- 
tively correlated with those of temperature than those of the other 
Ist order expressions. Thus, while it is not decisively conditioned 
by temperature it seems to be nudged thereby. These facts suggest 
that the endogenous base peculiar to empties may factor susceptibility 
to temperature change. 

Initiation and Temperature. Table 1 shows that period-to-period 





TARLE 1 
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changes in Ist order expressions tend to be negatively correlated with 
those of temperature, while positive association rules in 2nd and 3rd. 
The difference supports the conclusion that the latter is due to culture 
conditions. First order expressions occur early in the period, while 
2nd and 3rd come in later, when colony weakening is apparent. 

Absence of positive correlation of 1st order rates is not surprising, 
but presence of negative is. It is unusual, and contrary to custom, 
since activities are products of subtending chemical processes, which 
usually accelerate and decelerate with rise and fall in temperature, 
rather than vice versa. One suspects that the correlation is not a 
direct reaction to temperature change, but a product of that of some 
other activity. Statistical association is no proof of direct causal 
relationship (Pearl, 1940). 

Initiation is the shift of cells from maintenance to maintenance cum 
growth activity. Maintenance is primary in organismic economy. Its 
demands take precedence over those of growth. It is positively corre- 
lated with temperature, and product-expressions of growth are nega- 
tively correlated with maintenance capacity (1945; 1946a reports). 
Increase and decrease in maintenance caused by rise and fall in 
temperature could result in decrease and increase in initiation rate, 
with negative rate-temperature correlations as statistical outcome. 

If such is due to maintenance its extent should be less when main- 
tenance is less—which is to say, when rate is higher—and vice versa, 
since initiation is negatively correlated with maintenance. In other 
words, inverse relation between rate and its negative correlation with 
temperature could be expected. 

A trend to such emerges when Ist order rates, and the extent of 
the negative correlations with temperature, are segregated into 
“higher” and “lower” brackets. Thus: when rates in overall are used 
(periods: months: years combined) inverse relation is found in 3 
of the 5 expressions (AN-hyd; EM; BR). When rates by month are 
used (years combined) it is found in 5 of the 6 months (Ap; My; 
Jn; Jy; Aug): in 8 of 10 cases (5 higher plus 5 lower level): and in 
19 of 30 in partibus comparisons (5 expressions x 6 months). And 
when rates by year are used (months combined) relation is inverse 
in 4 (739; ’36; ’37; 38): direct in 2 (’35; ’39): absent in 1 (733): 
tends to inverse in 8 of 10 cases: and in 21 of 34 in partibus com- 
parisons (3 hydranth, 1 stolon x 7 years: 1 gonangial x 6). Rates 
are shown in Tables 35-36 of the 1950 report. 
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Thus it could be that it is maintenance and not temperature which 
is the immediate factor. At any rate such explanation will do until 
better is available. 

Initiation Variability of each expression by month of all years 
combined; and by year of all months combined, is in Table 2, which 











TABLE 2 
VARIABILITY IN EXPRESSIONS OF INITIATION 

(AD/M) 100 

By Month 
April May June July Aug. Sept. 
N(Hyd) 6 25 28 28 28 16 
AN:Gon 44.1 57.7 50.8 54.0 70.0 64.4 
AN: Hyd 19.1 21.1 37.8 37.9 34.1 30.4 
CO:3rd 23.4 27.1 24.4 15.5 18.7 28.8 
BR: Ist 22.4 24.8 19.8 21.8 28.5 25.3 
SN:2nd 22.4 16.1 25.0 12.9 16.4 19.8 
EM: Ist 28.8 17.7 16.6 13.1 21.4 18.7 
ST: 1st 4.2 5.8 2.4 3.5 4.7 2.4 
NC(Gon) 6 22 24 24 24 12 

By Year (Season) 

1933 1934 1935 1936 1937 1938 1939 
N 19 16 18 18 18 20 22 
AN:Gon —_ 65.2 46.7 46.0 65.1 52.6 69.3 
AN: Hyd 30.4 43.2 54.3 57.5 46.8 47.1 50.6 
CO:3rd 24.4 16.2 30.7 29.7 21.6 23.0 29.3 
BR: Ist 22.0 28.7 28.1 16.6 19.7 19.7 23.8 
SN:2nd 21.7 17.4 18.9 22.8 14.5 14.4 18.8 
EM: Ist 19.1 13.1 22.1 12.9 15.4 13.6 22.8 
4.3 


ST: Ist 4.7 2.0 2.2 3.6 6.6 2.6 





is computed from data in Table 33 (1950 report). Interest lies in 
the relative variability by expression: by month; by year, which is 
gotten by sifting out the frequency with which that of each expression 
is more and less than that of each other by month and by year: the 
frequency with which that of each in each month is more and less 
than in each other month: and the frequency with which that of 
each month is more and less than in each other month: and the fre- 
quency with which that of each in each year is more and less than 
in each other year. 

The expressions fall in the following order of decreasing variability: 


Year Data 


Variability AN:G > AN:H > CO > BR > SN > EM > ST 
Rate AN:G < AN:H <CO< BR<SN<EM< ST 
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Month Data 
Variability AN:G > AN:H > CO > BR >EM >SN > ST 
Rate AN:G < AN:H < CO < BR < SN < EM < ST 


Some differences are indecisive per se, but the progressions are 
reliable because they are the same on month and on year basis. The 
latter is based on variability on season, since it is that from April 
to September. The concordance of seriation in month with that in 
year shows that the gamut is not season-induced, for the exogenous 
factors differ in different months. 

The order of variability decrease is the same as that of increase 
in overall rate (Tables 35-56; 1950 report). This strengthens relia- 
bility of the variability seriations. For higher rate means stronger 
control of expression by its intrinsic factors, hence greater stability. 
Thus the higher rate the less the variability—not as mathematical 
consequence of the method of computation, but because of pro- 
gressive increase from expression to expression of endogenous con- 
trol of rate. 

Consider the seriation from: (i) The importance of the expression 
to the colony; (ii) The dependence of the expression on colony 
activity. 

(i) Gonangia initiation is much the most variable (AN:GN). 
Gonangia are adnexa; unnecessary for colony continuance. Varia- 
bility of initiation for population growth is high (AN:Gon; AN:Hyd). 
Once the colony is established hydranth (and gonangial) production 
for such is more or less superfluous, or secondary to restoration of 
hydranths lost by nature or accident. Variability of initiation for 
such is moderate (BR:EM:CO:SN). Endogenous maintenance of 
status quo is much more steady, which accords with the general ob- 
servation that preservation of colony integrity is primary. Stolon 
initiation is least variable. The colony is fixed to the sub-stratum by 
the stolon, without which the colony is lost to the elements. The 
whole shows that the greater the importance of the expression the 
less its variability, which is a quantitative exposition of the generally 
applicable principle that variability is inversely related to the im- 
portance of a part to the whole. 

(ii) Gonangia are substance consumers only. They are com- 
pletely dependent on colony activity. Their production is the most 
variable. Hydranths are substance providers as well as consumers. 
Their production for population growth is dependent on the state 
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of colony maturity. The variability of their initiation for such is 
high. Hydranth replacement is independent of colony maturing. The 
variabilities of initiations of this function are moderate. The stolon 
is the beginning of the colony. Atavistically the colony is dependent 
thereon: not the stolon on the colony. The variability of its produc- 
tion is least of all initiations. The whole shows that the less the 
dependence of the expression on colony activity, the less its variability, 
which is quantitative exposition of the generally applicable principle 
that variability is directly related to the dependence of the part on 
the activity of the whole. 
Variability by month is: in order of decrease: 


Variability AG >SP >MY>AP>JN>JY 
Rate AG <SP<JN<AP<MY<JY 


The seriations are not very decisive save at their extremes. Varia- 
bility is most frequently greatest in August and September; most 
frequently least in July. And rate is more frequently lower in August 
and September; more frequently higher in July. The rate-variability 
inverse relation is too tenuous for explanation. Reasonable interpre- 
tation of the high and low variability is, however, possible. 

In August, feeding hydranths are episodically found choked with 
phyto-plankton, and decimated by invading protista. The pedicels and 
hydrocauli begin to be more and more plastered with black-green 
algae. August is a month of great variation in and growth of plankton 
in these waters. Adjustment to this previously absent influence on 
colony living is probably why initiation variability is greatest here 
and in September. It is exogenously conditioned. 

In July there is stabilization of colony composition; tapering off of 
increase in complete feeding animals; and attainment of maximum 
percentage thereof. Thus July is the month in which population 
maturity and consequent equilibration of growth is reached (Hammett 
and Hammett, 1945). This is probably why initiation variability is 
least at this point. It is endogenously determined. 

Variability by year—in order of decrease is: 

Variability "39 > 735 > 733 > 736 > 737 > 734 > 738 
Rate "35 < 737 < 736 < 733 < 739 < 734 < 738 

Some of the differences are indecisive. Those between beginning 
and ending are definite. The seriations in overall are fairly reliable, 
but no explanation is at hand, other than the probability that they 
are products of year to year differences in nature and intensity of 
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season changes in exogenous factors (for which we have no record 
save that of temperature and length of day, with which no correlation 
is establishable). The fact that the variability seriation is not that 
of rate is fair evidence that the inverse relation between the two 
exhibited by the 7 expressions is not a mathematical consequence of 
the method of computation, as previously noted (a). 


SUMMARY AND CONCLUSIONS 


The growth activity of initiation is a shift of cell processes from 
no-growth to growth beginning. It has seven expressions in Obelia 
colonies during a 24-hour time-slice in culture. These have five 
particular and two general functions. The particular are: hydranth 
population..growth; gonangial population growth; replacement of 
hydranths passed away as normal termination of life-cycle progres- 
sion; replacement of hydranths lost by injury; replacement of stolons 
cut away in preparation of colonies for culture. The general are: 
population growth; and maintenance of colony in status quo. 

Exposition and analysis are given of the course of rate of each 
expression over the months from April to September. Three types of 
trend emerge. 

Initiation for population growth starts high, then falls sharply 
away to a virtually asymptotic low by mid-June or thereabouts. The 
course is the product of colony maturing: not of season change in 
environment. It is endogenously, not exogenously, determined. It 
shows that population increase is controlled by cell progress in matur- 
ing; from which it seems that development of nests of cancer cells 
and lack of organismic control thereof could be factored by impair- 
ment of cell maturing, since differentiation is defective in cancer 
(Hammett, 1941). 

Rate of restoration of parts lost just before culture shows no pro- 
gressive change on season. Maintenance of colony status quo is inde- 
pendent of season change in environment, or maturing. This course 
is the product of the innate trend of the organism to homeostasis, and 
evidence that such is primary; it applies to growth as to other 
activities. The fact that this course differs from the preceding: that 
both are impervious to season change in exogenous factors: and that 
function of this expression is distinct from that of the other: shows 
that function is a primary determinant of rate change; that change 
on season is not necessarily season-induced (Hammett, 1949). 

Replacement of hydranths passed away during culture starts low; 
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rises to a July peak; then falls away. The course is the product of 
season change in temperature. The break-through of endogenous 
control is due to the fact that expression of activity occurs later in 
culture and thus in colonies somewhat weakened by culture conditions. 

Initiation from sources present at beginning of culture tends to 
negative correlation with period-to-period changes in temperature. 
This is presumably not a direct relation of rate to temperature changes: 
but secondary to that of maintenance to the two variables. 

Variability is greatest in initiation for population growth: least 
in that for stolon replacement; that for hydranth restoration is 
intermediate. The seriation is endogenously grounded in relative in- 
fluence of accessory factors. August is the month of great variability, 
because of wide swings in phyto- and zodplankton. July is the month 
of least variability because colony activity-as-a-whole tends to equili- 
bration therein. The one is exogenously, the other endogenously 
conditioned. 
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SIZE AND FORM OF BOYS OF U.S.A—-NORTH EUROPEAN 
ANCESTRY BORN AND REARED IN OREGON’ 


Howarp V. MEREDITH 


School of Health and Physical Education 
University of Oregon, Eugene, Oregon 


This paper reports an anthropological investigation on boys 7 and 
10 years of age residing in Oregon. It affords the first description of 
body size or form available for white elementary school children 
living in the northwestern part of the United States, i.e., in the region 
north of California and west of Nebraska. 

Viewed in relation to previous studies on North American white 
children, the investigation also is unique in the scope of its control 
of ethnic and geographic variables. Lloyd-Jones (’40) studied North 
American white boys born and reared in a single state (California), 
Collins and Clark (’29) studied North American white boys whose 
parents and grandparents were born in the U.S.A., Meredith (’39) 
studied North American white boys of northwest European ancestry: 
In the present research these three controls are applied simultaneously. 
That is, findings are reported on boys of northwest European ancestry 
whose parents and grandparents were born in the U.S.A. and who, 
themselves, had resided in Oregon continuously from the time of birth. 


PURPOSE 


The general problem undertaken was that of describing selected 
aspects of the magnitude and shape of the body in Oregon-raised 
boys of not less than third generation American white stock and, 
more remotely, of northwest European lineage. Collection and anal- 
ysis of data were directed toward portraying series of such boys at 
ages 7 and 10 years. Major objectives were to describe boys of each 
age in terms of: (1) central tendency and variability values for 11 
measures of body size, (2) central tendency and variability values for 


*Research supported by a grant from the Graduate School, University of Oregon. 
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5 measures of body form, and (3) correlation values for 4 body mag- 
nitude relationships and 4 body shape relationships. 


SUBJECTS 


The subjects were obtained at the 17 elementary schools of Public 
School District No. 4, Eugene, Oregon. During the spring and fall 
of 1950, more than 500 boys attending these schools participated in 
a program of research on children 7 and 10 years of age.” From this 
sample, the subjects for the present study were drawn. The bases of 
selection were: (1) continuous residence in Oregon from birth, (2) 
parents and grandparents born in the United States, and (3) all 
grandparents of northwest European ancestry, i.e., descendants of 
emigrants from the British Isles, Scandinavia, Germany, France, or 
the Netherlands. 

The total number of boys satisfying the above criteria was 236, 
136 representing age 7 years and 100 representing age 10 years. The 
exact ages of these boys at the time of examination ranged from 
6 years 10 months to 7 years 2 months for the younger series, and 
from 9 years 10 months to 10 years 2 months for the older series. 

Certain information on each boy—date of birth, record of illnesses, 
occupation of father—was accessible from the school files. This was 
checked, and considerably augmented with information un additional 
items, by direct contact with the home. All of the home visits were 
made by a well-qualified parent interviewer (Mrs. P. O. Sigerseth). 
Items covered included each boy’s birth date, birthplace, birth order, 
length of residence in Oregon, and illness history; the occupation of 
his father; the country of birth of his parents and grandparents; and 
the racial or nationality background of his less immediate progenitors. 

These materials make it possible to elaborate upon the third criterion 
of selection—ethnic background—and to characterize the subjects 
with reference to three items not as yet discussed—illness history, 
position in the family, and occupation of father. The information 
regarding the last item, analyzed for the subjects of each age sepa- 
rately, showed that approximately 26 per cent of the fathers were 
in the professional and managerial occupational category, approxi- 
mately 45 per cent in the skilled trade and commercial category, and 


*Grateful acknowledgment is made to Superintendent Clarence Hines, Doctor Madeline 
Marr, and the principals of School District No. 4 for their initial endorsement of the 
study and their sustained cooperation. 
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the remaining 29 per cent in the semiskilled and unskilled category. 
It will be noticed that these figures are not representative of the socio- 
economic continuum for the country as a whole: undoubtedly the 
high percentage for the professional and managerial category reflects 
the fact that Eugene is a university town. 

Eighty per cent of the subjects were first- or second-born children, 
16 per cent third- or fourth-born, and 4 per cent fifth- to tenth-born. 

Examination of the illness records failed to show any occurrence 
of diphtheria, tuberculosis, diabetes, heart disease, or poliomyelitis, 
and only single instances of bone fracture, hernia operation, appendec- 
tomy, scarlatina, small pox, rheumatic fever, and meningitis. Six items 
of disease or surgery were found common to as many as 4 per cent 
of the subjects—measles, chickenpox, mumps, whooping cough, tonsil- 
lectomy, and (at 10 years) pneumonia. Measles showed 61 per cent 
incidence in the sample at age 7 years and 73 per cent incidence in 
the sample at age 10 years. Corresponding percentages were 36 and 
58 for chickenpox, 28 and 45 for mumps, 11 and 23 for whooping 
cough, 5 and 8 for tonsillectomy, and at age 10 years 8 for pneumonia. 

Seven European nationalities contributed to the ethnic composition 
of the sample, i.e., the subjects of both ages. Their approximate 
representations were 59 per cent British, 12 per cent German, 9 per 
cent Norwegian, 7 per cent French, 6 per cent Dutch, 5 per cent 
Danish, and 2 per cent Swedish. 


MEASUREMENT PROCEDURE 


In reporting research, every investigator faces the scientifically 
important yet particularly difficult task of describing his methodology 
in precise, unambiguous language—thus making possible replication 
of his work in other laboratories and/or sound comparative use of 
his results. The statements which follow represent a careful attempt 
to depict the anthropometric technique employed in the present study. 

Stature (vertex-soles distance). Erect body height was measured 
using an upright board inlaid with millimeter scales and fitted with 
a wooden square operating in a vertical groove. The subject stood 
with heels almost together, and with the heels, buttocks, and upper 
part of the back in contact with the board. An assistant aided in 
maintaining this position by placing one hand over the instep and 
pressing the other against the knees. The arms were permitted to 
hang at the sides of the body in a natural position. Positioning of 
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the head was in accordance with standard practice, i.e., the head was 
oriented with the Frankfort Horizontal at right angles to the long 
axis of the body. As the square was brought down into contact with 
the vertex, care was taken to see that (a) sufficient pressure was 
used to crush the subject’s hair and (b) the subject kept the plantar 
surface of his heels firmly upon the floor. 

Stem length (vertex-rump distance). In taking this measurement, 
a horizontal bench 30 cm. in height was placed at the base of the 
upright board used in obtaining stature. The subject sat on this bench 
with his ankles crossed, his knees spread apart, and the posterior 
aspect of his trunk in contact with the board both at the sacral and 
upper thoracic regions. The square was brought down firmly upon 
the vertex and the measurement recorded as the distance from this 
point to the surface of the bench. It follows that stem length is 
synonymous with sitting height. 

Shoulder width (biacromial diameter). Sliding metal calipers hav- 
ing broad flat aluminum branches were used in taking this and the 
succeeding measurement. Each subject stood with upper extremities 
extended downward and the shoulders neither “slumped forward” nor 
“thrown back.” Moderate pressure was applied against the branches 
of the calipers in order to have the record approximate the skeletal 
distance between the most lateral points of the acromion processes. 

Hip width (bi-iliocristal diameter). This measurement was deter- 
mined as the distance between the lateralmost point of the crest of 
the right ilium and the corresponding landmark for the left ilium. 
After each branch of the calipers had been brought squarely in con- 
tact with one of the landmarks, heavy pressure was used in order to 
approach maximum compression of the overlying soft tissues. In the 
event the subject turned his hips as the pressure was applied, the 
measurement was retaken. 

Upper limb length (acromion to dactylion). ‘This measurement was 
taken on the left extremity using wooden sliding calipers. After ex- 
tending the extremity at the side of the body and rotating the hand 
so that its palmar surface faced the lateral surface of the thigh, the 
distance was found from the most lateral point of the acromion process 
to the most distal point of the middle finger. The instrument was 
applied from the rear, care being taken to keep its shaft parallel with 
the long axis of the limb and to guard against the tendency of many 
subjects to tilt the shoulder axis as the limb is extended. 
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Chest girth (xiphisternal level). The instrument used in taking this 
and the three following girths was a steel millimeter tape. Chest girth 
was determined as the circumference of the thorax at the level of the 
xiphisternal junction. In preparation for measurement each subject 
stood in a natural manner with head erect and upper extremities 
relaxed and held slightly away from the sides of the body. The tape 
was passed around the trunk in a horizontal plane at the xiphisternal 
level and brought into light contact with the skin. The reading was 
made as the median girth during normal respiration. 

Abdomen girth (umbilical level). Unless the umbilicus projected 
from the surface contour of the abdomen, this measurement was deter- 
mined as the circumference of the trunk at the level of the umbilicus. 
In subjects showing umbilical protrusion, the tape rested against the 
perimeter of the abdomen at a level immediately above the umbilicus. 
The posture of the subject, the tension applied to the tape, and the 
attempt to obtain a midrespiration record were all the same as for 
chest girth. 

Arm girth (level of deltoid insertion). The measurements of arm 
girth and leg girth were taken on the left side. For measurement of 
arm girth the subject stood in a natural manner with the upper ex- 
tremities hanging in a relaxed condition at the sides of the body and 
with the left extremity slightly abducted so that the arm was not in 
contact with the lateral wall of the thorax. The tape was passed 
around the arm approximately halfway between the shoulder and the 
elbow. This area was explored to find the greatest girth at right angles 
to the long axis of the limb and inferior to any surface indication of 
the deltoid muscle. The reading was taken with the tape in sufficiently 
light contact with the skin to avoid compression of the tissues. 

Leg girth (calf circumference). The subject stood with his feet 
about six inches apart and his weight distributed equally through both 
lower limbs. Maximum circumference of the left leg was determined 
by passing the tape around the leg in the region of the calf and ex- 
ploring to find the largest reading at right angles to its long axis. As 
for arm girth, the tape was read at “light contact” tension. 

Body weight (wearing shorts). The subject was requested to stand 
in the center of the platform on beam-type scales. At the time of 
the reading, care was taken to observe that the subject’s hands were 
not in contact with the wall, the head portion of the scales, or any 
other object. The scales were checked frequently and, when necessary, 
adjusted. 
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All of the anthropometric examinations were made during school 
hours and with the cooperative consent of the school staff, the parents, 
and the boys. Measurements were taken with exceptional care, the 
boys wearing nothing which prevented bringing each instrument into 
direct contact with the nude body. 

Every boy was fully measured by two different anthropometrists. 
In instances where the two series of results did not show close agree- 
ment, additional measurements were made.* The “close agreement” 
criteria were derived from earlier investigations of reliability (Mere- 
dith, ’36; Knott, 41). Specifically, the separate records were required 
to agree within 0.2 kg. for weight; 0.1 cm. for hip width and leg girth; 
0.2 cm. for stature and arm girth; and 0.4 cm. for the other dimen- 
sions. This degree of research rigor was adopted in order to reduce 
the errors of measurement to negligible quantities and thereby procure 
data of high morphologic validity. ' 


DATA 


As previously indicated, the data sought in discharging the aims of 
the study were 11 measures of body size and 5 measures of body 
form. Ten of the size traits were obtained by direct measurement: 
these have been described. The eleventh, lower limb length, was de- 
rived by subtracting each boy’s stem length from his stature. 

Form or shape does not admit of representation in terms of absolute 
magnitude: “The shape of an object is a relationship between real 
numbers” (Medawar, ’45). Consequently, the 5 shape or form traits 
were derived from the “real numbers” of the study by calculating 
the ratio of one dimension to another. 

The 5 varieties of “relationship” (ratio) data obtained fall mean- 
ingfully into two groups. In one group are 3 ratios which describe 
body form continua of the slender-to-stocky (girth in relation to length) 
class. Included here are arm girth/upper limb length, leg girth/lower 
limb length, and chest girth/stem length. The 2 other ratios pertain 
to shape relationships for the upper and lower regions of the trunk, 
i.e., predominance of upper trunk over lower trunk. They are shoulder 
width/hip width and chest girth/abdomen girth. All of the figures 
from ratio computation were multiplied by 100 in order to express each 
quotient as a percentage. 


*’Members of these two-man anthropometric teams included the author and six espe- 
cially trained graduate students, namely, Everett D. Peery. Stanley S. Culp, Paul 
Sherbina, Chaley A. Samples, Peter Trim, and Robert Kane. 
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FINDINGS FOR Bopy SIZE 


Central tendency and variability findings for the 11 measures of 
body size studied are presented in Table 1. On casual inspection of 
this table, it may appear that certain of its columns are redundant: 
there are two sets of figures for central tendency (means and medians) 
and two approaches to the analysis of variability (standard deviation 
and inter-percentile distance). The reader is reminded that the mean 
and the median coincide for symmetrical distributions only, and it is 
under the Gauss-Laplace (“normal”) curve alone that the 10th, 25th, 
75th, and 90th percentiles (or the distances between them) can be 
obtained by laying off 1.28 and 0.67 sigma below and above the mean. 
Stature at ages 7 and 10 years is known to be distributed normally, 
the distributions for weight and chest girth, on the other hand, are 
known to be skewed to the right (Meredith, ’35). For Table 1 as a 
whole, weight and the 4 girths reflect varying degrees of positive skew- 

TABLE 1 
CENTRAL TENDENCY AND VARIABILITY VALUES AT 7 AND 10 YEARS OF AGE FOR 11 MEASURES 


oF Bopy Si1zE on ScHoo.soys or U.S.A.-NortH EvROPEAN LINEAGE 
Born AND REARED IN OREGON 








Standard Percentiles: 
Measurement Mean Deviation 10 25 50 75 90 
7 years: N = 136 
Stature (cm.)* 123.2 4.91 116.5 120.0 123.1 126.4 130.0 
Stem length 67.9 2.59 64.2 66.1 67.9 69.6 71.2 
Shoulder width 27.0 1.22 25.3 26.1 27.0 27.9 28.6 
Hip width 19.4 1.06 18.0 18.6 19.4 20.2 20.8 
Chest girth 58.3 2.80 55.1 56.5 58.0 59.7 61.8 
Abdomen girth 56.3 3.71 52.3 53.6 56.0 57.8 60.1 
Upper limb length 52.2 2.38 49.1 50.6 52.0 53.4 55.6 
Arm girth 18.4 1.51 16.7 17.4 18.2 19.2 20.1 
Lower limb length 55.3 2.78 51.7 53.2 55.1 56.9 59.2 
Leg girth 24.8 1.56 22.8 23.7 24.5 25.5 26.8 
Weight (kg.) 24.2 3.15 20.4 22.0 23.9 26.0 28.0 
10 years: N = 100 
Stature (cm.)* 139.1 5.20 132.2 135.5 139.0 142.2 145.6 
Stem length 73.9 2.61 70.6 72.3 73.8 75.3 77.2 
Shoulder width 30.2 1.44 28.5 29.2 30.2 31.1 31.9 
Hip width 21.7 1.10 20.4 20.9 21.5 22.3 23.0 
Chest girth 64.7 3.96 60.2 62.3 64.1 66.5 69.2 
Abdomen girth 62.5 4.93 57.4 59.1 61.7 64.6 68.0 
Upper limb length 59.7 2.92 56.2 57.7 59.5 61.4 63.6 
Arm girth 20.6 2.13 18.5 19.2 20.2 21.7 23.5 
Lower limb length 65.2 3.28 60.8 63.2 65.2 67.3 69.2 
Leg girth 28.2 1.95 25.9 26.9 27.9 29.3 30.7 
Weight (kg.) 33.2 4.99 27.9 29.5 32.7 35.4 39.5 





*The values for this and the following 9 measurements are in centimeters. 
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ness, while the lengths and breadths approximate statistical normality. 

An exhaustive discussion of the contents of Table 1 would require 
many pages. It will suffice to list and illustrate the different sorts of 
information which may be drawn from the table: 

1. Average size at the ages studied. The mean stature of the 
sample for age 7 years is 123.2 cm., or 48.5 inches. For the subjects 
aged 10 years, mean weight is 33.2 kg. (73.2 pounds) and median 
weight 32.7 kg. (72.1 pounds). 

2. Increase in average size during period studied. Mean shoulder 
width (biacromial diameter) at 10 years exceeds mean shoulder width 
at 7 years by 3.2 cm., or 1.3 inches. Chest girth yields a larger median 
at 10 years than at 7 years by 6.1 cm., or 2.4 inches. 

3. Comparative size of different dimensions. The median for arm 
girth is less than the median for leg girth by 6.3 cm. (2.5 inches) at 
7 years, and by 7.7 cm. (3.0 inches) at 10 years. At 7 and 10 years 
respectively, the stem length means are equivalent to 55.1% and 
53.1% of the means for stature. 

4. Variability in body size. At 7 years, the standard deviation 
for stature is 4.9 cm., or 1.9 inches. At 10 years, 10% of the weight 
measurements fall below 27.9 kg. (61.5 pounds), 50% lie between 29.5 
and 35.4 kg. (65.0 and 78.0 pounds), and 10% are above 39.5 kg. 
(87.1 pounds). 

5. Change in variability with age. The standard deviations for 
hip width (bi-iliocristal diameter) are similar at both ages. In con- 
trast, there is a marked increase from 7 to 10 years in the dispersion of 
weight, e.g., the difference between the 10th and 90th percentiles is 
7.6 kg. (16.8 pounds) at 7 years and 11.6 kg. (25.6 pounds) at 10 
years. 

6. Comparative variability of different dimensions. At both ages, 
the scatter or spread is greater for abdomen girth than chest girth, 
and greater for lower limb length than upper limb length. In terms 
of the coefficient of variation (standard deviation x 100/mean) varia- 
bility is lowest for stem length and stature (3.5 to 4.0%) and highest 
for arm girth and weight (8 to 15%). 

Many groups of United States white schoolboys are described in 
the research literature on body size. From these, 11 groups were 
selected for alignment with the boys of the present study. 

The relevance of 2 of the groups, those described by Harrington 
(710) and Lloyd-Jones (’40), lies in the fact that they represent 
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boys born and reared in a single state (Massachusetts and California 
respectively). Lloyd-Jones affords stature means at 7 and 10 years 
from data collected 1936-37 on Los Angeles white schoolboys “born 
in California”, and Harrington affords stature and weight means at 
age 10 years from data collected 1900-09 on Boston white schoolboys 
“born in Boston . . . whose parents were born in Boston.” Their 
means are reproduced in Table 2. 
TABLE 2 


MEAN STATURE AND WEIGHT OF WHITE SCHOOLBOYS BORN AND REARED IN SPECIFIC 
REGIONS OF THE U.S.A. 








Massachusetts California 
Age (1900-1909 data) (1936-1937 data) 
(yrs.) N Stature Weight N Stature 
7 3409 122.6 
10 c.95 127.9* 25.5* 3548 138.7 





*These boys were measured wearing shoes and indoor clothing. Deductions of 1.5 cm. 
and 2.0 kg. were taken to correct for height of heels and weight of clothes. 


Harrington’s study is similar to the present study in representing 
northwest European ancestry, but removed from it in time and space 
by half a century and 3000 miles. Lloyd-Jones’ study lies in closer 
proximity to the present study temporally and geographically, but is 
less comparable from the standpoint of European extraction. It will 
be seen that the means of the present study are higher than the Har- 
rington means by 11.2 cm. and 7.7 kg.* and higher than the Lloyd- 
Jones means by 0.6 cm. at 7 years and 0.4 cm. at 10 years. 

Five groups were chosen as appropriate for comparative use because 
they were composed exclusively of United States boys of northwest 
European ancestry. Characterizing these groups in historical order, 
they comprise boys of Irish descent attending the Boston public 
schools around 1875 (Bowditch, ’77); boys of German descent 
attending the Milwaukee public schools around 1880 (Peckham, 
81); boys of northwest European descent attending the public 
schools of Beverly and Revere, Massachusetts, 1923-27 (Meredith, 
39); boys of northwest European descent attending the public 
schools of San Antonio, Texas, 1929-31 (Whitacre, 39); and boys 
of Dutch descent attending the public schools of Holland, Michigan, 
1931-32 (Steggerda and Densen, ’36). 


os 


‘On the magnitude of secular variation in North American schoolboys 7 to 10 years 


of age, see Meredith (’41) and Meredith and Meredith (44). 
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Means were reported on 4 of the groups for stature and weight and 
on the other group for stature only. These means are brought to- 
gether in Table 3. As in Table 2, secular increase clearly is evident: 











TABLE 3 
MEAN STATURE AND WEIGHT OF UNITED STATES SCHOOLBOYS OF NORTHWEST EUROPEAN 
DESCENT 
Age 
(yrs.) N Stature Weight N Stature Weight N Stature 
Trish (c.1875) German (c.1880) North European 
(1923-27) 
7 532 113.5 19.9* 3027 114.7 19.9* 138 117.9 
10 563 128.2 26.6 296 129.2 26.5 157 133.8 
North European Dutch (1931-32) 
(1929-31) 
7 109 121.6 23.3 220 123.3 22.9 
10 325 135.3 29.6 192 139.2 30.5 





*Weight taken in indoor clothing (without shoes) ; means reduced by 1.5 kg. to adjust 
for clothing worn. 
+These N’s are for stature; the N’s for weight were 336 and 328. 


the stature and weight values on the groups studied around 1875-80 
are markedly lower than those on the groups studied half a century 
later. 

The means of the present study lie furthest from those for the boys 
of Irish lineage measured around 1875 and nearest those for the boys 
of Dutch lineage measured 1931-32. Specifically, they are: 

1. Higher than those for the former by 9.7 cm. and 4.3 kg. at 
age 7 years, and by 10.9 cm. and 6.6 kg. at age 10 years. 

2. Practically identical with those for the latter in stature, but 
heavier in weighi by 1.3 kg. at 7 years and 2.7 kg. at 10 years. 

Of the 5 groups displayed in Table 3, the group captioned “North 
European (1929-31)” probably is the most comparable to that of the 
present study. Information on birthplace of parents showed that most 
of these boys were “second-generation American.” That their fore- 
bears came from a variety of northwest European countries is indi- 
cated by Whitacre’s statement that only “Hebrew, Italian, Greek, 
Russian, and Syrian pupils were eliminated.”’ Comparison shows that 
the Oregon boys of the present study are larger than these boys 
studied two decades earlier in Texas by 1.6 cm. and 0.9 kg. at 7 years, 
and by 3.8 cm. and 3.6 kg. at 10 years. 

The 4 groups that remain to be discussed were selected partly 
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with reference to length of residence in the United States, and partly 
with reference to geographic and secular proximity to Oregon and 
1950. Collins and Clark (1929) reported stature and weight means 
on white schoolboys of 20 states selected to satisfy the criterion, 
“both parents and all four grandparents born in the United States.” 
Their data were gathered during 1922-24. Stature and weight means 
for that portion of the Collins and Clark data amassed in western 
states (Utah and Nevada)° were made available by Palmer and Col- 
lins (735). Lastly, employing 1937-39 data on samples of “the 
general run of white American-born boys” residing in California and 
in Utah,® O’Brien, Girshick and Hunt (’41) reported means for 
stature, weight, arm girth, and leg girth. All of these groups are 
colligated in Table 4. 
TABLE 4 


MEANS FOR STATURE, WEIGHT, ARM GIRTH, AND LEG GIRTH ON UNITED STATES 
Waite Boys 





“Third-generation native-white” schoolboys (1922-24 data) 











Age Total Sample Utah and Nevada 
(yrs.) N Stature Weight N Stature Weight 
7 160) 119.5 21.1* 141 118.6 20.4* 
10 1698 135.1 28.8 128 135.0 28.1 
“General run of American-born white” schoolboys (1937-39 data) 
N Stature Weight Arm Girth? Leg Girth? 
Utah 
7 203 121.3 22.7 17.6 23.7 
10 402 136.8 30.3 19.5 26.5 
California 
7 235 122.1 23.9 17.8 24.4 
10 285 138.3 33.0 20.1 27.6 





*Weight taken in indoor clothing (without shoes); 1.5 kg. deducted as approximate 
adjustment for clothing worn. 

*Taken on the right extremities, otherwise technique approximated that used in 
present study. 


On placing in juxtaposition the means exhibited in Table 4 and the 
comparable means from Table 1, it is seen that in every instance the 
latter exceed the former. Specific findings are: 

1. The largest discrepancies exist between the stature and weight 
means of the present study and those of the “Utah and Nevada, 1922- 


"About 70% of these records were collected in Provo, Bountiful and Salt Lake City, 
Utah, and 30% in 13 Nevada towns. 

*Mainly in Contra Costa and Alameda counties, California, and in Salt Lake and 
Cache counties, Utah. 
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24” study. Here, the differences are 4.6 cm. and 3.8 kg. at 7 years, 
4.1 cm. and 5.1 kg. at 10 years. 

2. Differences of intermediate magnitude are found for the present 
study in comparison with the “Utah, 1937-39” study. At age 7 years, 
the boys of the latter have the smaller mean size by 1.9 cm. in stature, 
1.5 kg. in weight, 0.8 cm. in arm girth, and 1.1 cm. in leg girth: 
Corresponding figures for age 10 years are 2.3 cm., 2.9 kg., 1.1 cm., 
and 1.7 cm., respectively. 

3. The smallest differences are for the present study in comparison 
with the “California, 1937-39” study. At ages 7 and 10 respectively, 
these are 1.1 and 0.8 cm. in stature, 0.3 and 0.2 kg. in weight, 0.6 
and 0.5 cm. in arm girth, and 0.4 and 0.6 cm. in leg girth. 


FINDINGS FOR Bopy Form 


As already indicated under “Data,” 5 ratios were computed from 
the measurements on each boy. Three of these ratios gave quantitative 
descriptions of the stockiness of the body stem and extremities, and 
one each portrayed the predominance of thorax over abdomen and 
of shoulders over hips. 

Analysis paralleled that for body magnitude. That is, the ratios 
first were separated—by age and item of body shape—into ten series, 
then each series was ordered and subjected to central tendency and 
variability computation. Table 5 carries the results. Selected findings 
from this table are: 

1. For the average subject age 7 years, chest girth (xiphisternal 
level) approximates 86% of stem length (sitting height). The mean 
index at age 10 years is 1.6 higher than at 7, indicating a slight in- 
crease in stem stockiness. 

2. The middle 50% of the quotients for chest girth x 100/stem 
length fall between 83.3 and 88.2 at 7 years, and between 84.8 and 
90.1 at 10 years. Quotients for the 10% of boys with the slenderest 
body stems lie at or below 81.3 and 82.1 at ages 7 and 10 respectively, 
while corresponding quotients attained or surpassed by the stockiest 
10% are 90.6 and 92.6. 

3. Both the upper and lower extremities are more slender at 10 
years than at 7 years. For the average subject age 7, arm girth is 
slightly more than 35% of upper limb length (acromion-dactylion 
distance) and leg girth is slightly less than 45% of lower limb length 
(stature minus sitting height). The comparable means at age 10 are 
smaller by 0.6 and 1.6 respectively. 
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TABLE 5 

CENTRAL TENDENCY AND VARIABILITY VALUES AT 7 AND 10 YEARS OF AGE FOR 5 RATIOS 
oF Bopy Form on ScHoo.soys or U.S.A.-NortTH EvROPEAN LINEAGE 

Born AND REARED IN OREGON 











Standard Percentiles: 
Mean Deviation 10 50 75 co 


} tw 
| wu 


7 years: N = 136 
Chest Girth x 100 














86.1 3.74 81.3 833 85.7 882 906 

Stem Length 
Arm Girth x 100 

: 35.3 2. 325 335 35. 36. 38. 
Upper Limb Length 4 - , ; om 67 ad 
Leg Girth x 100 
a 44.9 2.82 414 430 445 463 484 
Lower Limb Length ' 
Shoulder Width x 100 139.6 6.22 131.5 135.3 1400 143.7 147.3 
Hip Width 
Chest Gisth x 200 103.8 3.60 98.9 101.7 103.9 106.2 1086 





Abdomen Girth 


Chest Girth x 100 














87.7 4.61 82.1 84.8 87.3 90.1 92.6 
Stem Length 
Arm Girth x 100 
— : 34.7 2 3 re 3 3 37 
Upper Limb Length 4.7 96 1.6 32.6 4.4 6.1 7.6 
Leg Girth x 100 
" 43.3 2.84 39.8 B 42.8 8 4 
Lower Limb Length . “ “ 65 
Shoulder Width x 100 
140.0 5.69 132.3 135.5 140.4 144.0 147.1 
Hip Width : . 
Chest Girth x 100 
< = 103.7 3.73 99.0 101.5 103.6 106.0 108.8 





4. The central tendency values for shoulder width (biacromial 
diameter) in percentage of hip width (bi-iliocristal diameter) lie in 
the neighborhood of 140 at both ages. In contrast with the distribu- 
tions for the 3 foregoing ratios, which are skewed to the right, the 
distributions for this ratio are skewed to the left. 

5. For the average subject of each age group, chest girth is slightly 
less than 104% of abdomen girth. Considering the two distributions 
together, 10% of the indices fall at or below 99.0, 15% between 99.0 
and 101.6, 50% between 101.6 and 106.1, 15% between 106.1 and 
108.7, and the remaining 10% at or above 108.7. 

A previous investigation by Meredith and Culp (’50) depicted 
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the 3 major subdivisions of the body—upper extremity, lower ex- 
tremity, and body stem—along the same slender-to-stocky continua 
as employed in the present study. Their data were accumulated 
1937-49 on a sample of Iowa boys 4 to 8 years of age. The sample 
was composed exclusively of American-born boys of northwest Euro- 
pean ancestry representing the professional and managerial socio- 
economic groups. 

Comparative utilization of this investigation yields the following: 

1. For arm girth x 100/upper limb length and leg girth x 100/lower 
limb length, the Meredith and Culp means at age 7 years (35.5 and 
44.8)" almost are identical with those obtained in the present study. 
The means for chest girth x 100/stem length register a slightly stockier 
body stem in the Iowa group (86.9)* than in the Oregon group. 

2. Meredith and Culp report a gradual decrease in all 3 ratios 
between 4 and 8 years of age. For the upper and lower limbs, the 
present study extends this slenderizing course to age 10 years. For 
the body stem, however, the present study indicates that the trend 
changes direction shortly after 8 years, and by 10 years the stem has 
become as stocky as it was at age 5 years. 

3. In harmony with the findings of the present study, the Meredith 
and Culp distributions for all 3 indices showed positive skewness both 
at ages 7 years and 8 years. 

Utilizing a sample of boys ethnically and socioeconomically similar 
to that of the Meredith and Culp study, Wallis (’31) studied the 
ratio shoulder width x 100/hip width. Her sample was drawn in New 
York City between 1926 and 1929 from the nursery schools of the 
Bureau of Educational Experiments and Institute of Child Develop- 
ment of Columbia University. Quotients for “biacromial diameter” 
in percentage of “distance between the external margins of the iliac 
crests” were obtained on 22 boys 7 years of age. Wallis’ mean (138.9) 
from this small series was near that of the present study. 

The ratio chest girth x 100/abdomen girth was studied by Schwartz, 
Britten and Thompson (’28) on New York City white schoolboys 
“of native-born parentage.” These workers measured chest girth “at 
nipple level” and took the average of measurements made at “total 
inspiration” and “total expiration.” Their abdominal girth was de- 
scribed as “circumference of waist at the umbilicus.” The means 


"The N’s were 85 and 125. 
°N = 124. 
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obtained were 109.0 at 7 years (N=110) and 112.1 at 10 years 
(N = 127). These means differ from those of the present study in 
two respects—they are larger and they increase with age. The first 
discrepancy is not surprising, considering the differences in anthropo- 
metric technique. The second can be accounted for mathematically but 
it is difficult to interpret morphologically: it follows mathematically 
from the fact that the increases between 7 and 10 years in mean chest 
girth and mean abdomen girth differ rather widely in the Schwartz, 
Britten and Thompson study (5.9 cm. and 4.0 cm. respectively) and 
practically are identical in the present study. 


CORRELATION FINDINGS FOR SIZE AND ForM 


Two of the objectives set forth in the statement of purpose have 
been accomplished. There remains the third and final aim, that of 
describing the subjects of each age with reference to the association 
between certain somatic variables. 

Four body size relationships and 4 body form relationships were 
selected for investigation. The statistical procedure was that of con- 
structing scattergrams (two-variable entry diagrams), examining them 
for rectilinearity and homoscedasticity, and applying the Pearson 
product-moment method of correlation. The resultant coefficients are 


presented in Table 6. 
TABLE 6 
CoRRELATION COEFFICIENTS AT 7 AND 10 YEARS OF AGE ON SCHOOLBOYS OF U.S.A.-NorTH 
EvurRoPpEAN ANCESTRY BORN AND REARED IN OREGON 








r r r r r r 
7 yrs. 10 yrs. 7 yrs. 10 yrs. 7 yrs. 10 yrs. 
Size Lower Limb Length Chest Girth Leg Girth 
Stem Length 66 58 
Shoulder Width 58 63 
Upper Limb Length 86 86 
Arm Girth 80 76 





Chest Girthx 100 ArmGirthx100 Chest Girth x 100 
Stem Length Upper Limb Length Abdomen Girth 








Arm Girth x 100 
Upper Limb Length 


Leg Girth x 100 
Lower Limb Length 


Shoulder Width x 100 
Hip Width 


54 52 





40 38 77 77 





32 18 
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It will be seen that for each of the relationships studied, the r’s at 
7 and 10 years are of similar magnitude. Other findings include: 

1. Moderately high associations (r’s = .86 to .76) for upper limb 
length with lower limb length, arm girth with leg girth, and arm girth 
x 100/upper limb length with leg girth x 100/lower limb length. 

2. Relationships of the order r = .60 between chest girth and 
shoulder width and between stem length and lower limb length. 

3. Correlation coefficients slightly higher for the index of stem 
stockiness with that of upper limb stockiness (7’s = .54 and .52) than 
for the index of stem stockiness with that of lower limb stockiness 
(7’s = .40 and .38). This is in accord with findings by Meredith and 
Culp on their sample of Iowa boys. 

4. A low association between the ratio shoulder width x 100/hip 
width and the ratio chest girth x 100/abdomen girth. In other words, 
at the ages under consideration shoulder width relative to hip width 
varies almost independently of chest girth relative to abdomen girth. 

On the whole, higher relationships are found between the size and 
shape measures on the extremities than between those on the trunk 
or those correlating the extremities and the body stem. 


SUMMARY 


This paper constitutes the first anthropometric study to be pub- 
lished on white boys of elementary school age living in the north- 
western region of the United States. It describes 11 measures of body 
size, 5 measures of body form, and 8 relationships between measures 
of size and form. 

The subjects were boys 7 and 10 years of age drawn during 1950 
from the schools of Public School District No. 4, Eugene, Oregon. 
They all satisfied the threefold selection criterion: (1) continuous 
residence in Oregon from birth, (2) parents and grandparents born 
in the U.S.A., and (3) all four grandparents of northwest European 
ancestry. 

Data accumulation involved parent interviews, anthropometric 
examinations, and the calculation of ratios. Data reduction consisted 
largely in computation of central tendency, variability, and correlation 
statistics. 

The findings of the study are presented through the media of tables 
and discussion. In considering both size and form, the reader’s atten- 
tion is directed first to indigenous findings and secondly to compara- 
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tive findings. Purposeful comparative use is made of 14 previously 
characterized groups of United States white schoolboys. 


Hi. 


12. 


13. 


18. 


19. 
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